Objective: To evaluate the effect of elevated plasma fibrinogen levels on the prognosis of epithelial ovarian cancer (EOC).
INTRODUCTION
Epithelial ovarian cancer (EOC) exhibits the highest mortality among female genital tract cancers because of no effective screening methods for early detection [1] , resulting in a diagnosis of advanced-stage disease in most patients with EOC [2] . Although serum CA-125 level is useful for early detection and prediction of survival in patients with EOC [3, 4] , its role as a prognostic factor remains controversial in advanced-stage disease and non-serous EOC [5] [6] [7] . Thus, considerable attention has been focused on the development of prognostic biomarkers of EOC for rapid application in clinical settings.
Although many studies have suggested novel biomarkers showing the relationship between prognosis of EOC and genetic alteration, only a few biomarkers such as HE-4 are considered as a prognostic factor of EOC in clinical setting [8] . On the other hand, clinical biomarkers using systemic inflammation and coagulation has been suggested to be useful to predict prognosis of EOC with the advantage of being clinically easily measured [9] . In particular, systemic inflammation leading to secondary hematological changes has been shown in various types of malignancies [10, 11] , and changes, such as the neutrophil to lymphocyte ratio (NLR) and the platelet to lymphocyte ratio (PLR), have been investigated as prognostic biomarkers in EOC [12, 13] .
Moreover, biomarkers using systemic coagulation have been also investigated because the relationship between cancer and hemostatsis-related procoagulants has been widely established [14] . Among related biomarkers using coagulation factors, plasma fibrinogen levels have been in the limelight because they increase via the extrahepatic synthesis of tumor cells, resulting in a hypercoagulable status [15] , tumor progression, and metastasis in various types of malignancies [16] [17] [18] . However, the role of elevated plasma fibrinogen levels as a prognostic biomarker has not been also sufficiently investigated in EOC.
Thus, we performed two-step studies due to the insufficient evidences. First, we performed a cohort study to evaluate the effect of elevated plasma fibrinogen levels for predicting the prognosis of advanced-stage EOC compared with serum CA-125 levels and systemic inflammatory biomarkers, such as NLR and PLR. Second, we evaluated the role of elevated plasma fibrinogen levels as a prognostic biomarker in EOC by a meta-analysis using relevant studies.
MATERIALS AND METHODS

Cohort study
We extracted clinico-pathologic data from a database of EOC patients between January 2000 and December 2012. The institutional review board at our institution approved the current study (No. 1409-154-616). We included patients with the following criteria: patients with EOC; patients with International Federation of Gynecology and Obstetrics (FIGO) stage III to IV disease; patients who received blood tests including differential white blood cells counts, serum CA-125, and plasma fibrinogen levels checked routinely within 2 weeks before the treatment; and patients with Eastern Cooperative Oncology Group performance status of 0-2. However, we excluded patients with inflammatory diseases or other malignancies and those who could not tolerate in surgery or chemotherapy due to low performance status.
Clinico-pathologic data including age, FIGO stage, grade, histology, plasma fibrinogen, serum CA-125 levels, NLR, PLR, optimal debulking surgery, neoadjuvant chemotherapy, and response to platinum and survival were collected. In this cohort study, taxane-and platinum-based chemotherapy before or after surgery was administered in all patients, and those who relapsed within 6 months of completing adjuvant chemotherapy were considered platinum-resistant. Higher levels of plasma fibrinogen, serum CA-125 levels, NLR, and PLR were defined when they were more than the median values. Optimal debulking surgery was defined as residual tumor less than 1 cm in the maximal diameter. Progression-free survival (PFS) was considered as the time that had elapsed from the treatment start date to the date of disease recurrence, and overall survival (OS) was defined as the time that had elapsed from the date of diagnosis to the date of disease-related death or end of the current study.
Meta-analysis
After we completed our cohort study, we performed a meta-analysis to evaluate the effect of elevated plasma fibrinogen levels on the prognosis of EOC, consistent with the recommendation from the Preferred Reporting Items for Systematic Review and Meta-analysis guidelines [19] . We searched PubMed, EMBASE, and the Cochrane Library for related studies published to July 2015, and the MeSH search terms were used as follows: "ovarian cancer" or "ovarian neoplasm(s)" or "cancer of the ovary" or "ovarian carcinoma" or "ovarian tumor(s)"; "fibrinogen." The inclusion criteria were as follows: EOC; calculation of plasma fibrinogen levels before the treatment; comparison of PFS or OS based on plasma fibrinogen levels. However, we excluded case reports, editorials or letters to the editor, review articles, and non-English studies.
Two of the authors (YL and HSK) evaluated the potential eligibility of all studies from the database independently, and the other author (ML) resolved any disagreements. Thus, a total of 95 studies were identified. Among these studies, we excluded six duplicates and 13 studies such as non-English studies (n=6), review articles (n=3), case reports (n=3), and letter to the editor (n=1). Moreover, we excluded 60 studies, including preclinical studies (n=37), nonovarian cancer (n=14), other coagulation factors (n=7), and clinical materials using fibrinogen (n=2). After 12 studies were additionally excluded due to no comparison of survival based on plasma fibrinogen levels (n=8) and insufficient data to calculate survival (n=4), the remaining four studies and this cohort study were ultimately included ( Supplementary Fig. 1 ) [20] [21] [22] [23] .
Next, the 2 authors (YL and HSK) extracted data from the 5 selected studies, and any discrepancies were resolved by the other author (ML). Consequently, we extracted data from each study as follows: first author; country; FIGO stage; cut-off values of plasma fibrinogen levels; number of patients with higher levels and those with lower levels of plasma fibrinogen according to the cut-off values; the total number of patients enrolled to evaluate the effect of an increased fibrinogen levels per 100 units if no cut-off values; PFS; and OS. For subgroup analyses, we adjusted meta-analytic results with potential confounding factors. Next, we evaluated the quality of each study by the Newcastle-Ottawa Scale (NOS) [24] , and the NOS score. It was 7 (n=1) or 9 (n=4) for PFS, and 7 (n=2) or 9 (n=3) for OS (Supplementary Table 1 ).
Statistical analysis
For this cohort study, we compared plasma fibrinogen and serum CA-125 levels, NLR and PLR based on clinico-pathological characteristics using Student's t-tests and performed the Kaplan-Meier analysis with the log-rank test to evaluate PFS and OS according to plasma fibrinogen levels, and Cox's proportional hazard analysis using hazard ratios (HRs) and 95% confidence intervals (CIs) to determine whether elevated plasma fibrinogen levels can be an independent prognostic factor. For these analyses, we used SPSS software version 21.0 (SPSS Inc., Chicago, IL, USA), and a p<0.05 was considered statistically significant.
Furthermore, survival analyses were performed by the statistical procedure described by Tierney et al. [25] . In our meta-analysis, all survival data were presented as HRs with 95% CIs. We evaluated heterogeneity using Higgins I 2 , measuring the percentage of total variation across studies because of heterogeneity rather than chance [26] . Thus, an I 2 >0.5 represented substantial heterogeneity, and the random effects model was applied, whereas the fixed effects model was used if I 2 ≤0.5 because it suggested no heterogeneity. Moreover, we identified no publication bias by funnel plots and Egger's tests (p>0.05) in this meta-analysis ( Supplementary Fig. 2 ). For this meta-analysis, Comprehensive Meta-Analysis version 2.0 (Biostat Inc., Englewood, NJ, USA) was used. Fibrinogen in epithelial ovarian cancer RESULTS
Cohort study
We included 217 patients with advanced-stage EOC, and Among all 4 biomarkers, PLR was higher in patients with serous carcinoma and those who received suboptimal debulking surgery. Additionally, plasma fibrinogen levels were higher in patients with stage IV disease, those who received neoadjuvant chemotherapy or showed platinum-resistance ( When plasma fibrinogen levels >400 mg/dL were defined as elevated values like previous studies [21] [22] [23] , patients with plasma fibrinogen levels >400 mg/dL showed poorer PFS (median, 16 vs. 23.1 months; p=0.046) than those with plasma fibrinogen levels ≤400 mg/ dL in spite of no difference in OS (Supplementary Fig. 3 ). However, plasma fibrinogen levels >400 mg/dL was not a prognostic factor for PFS and OS in multivariate analysis (Supplementary Table 2 
Meta-analysis
The clinic-pathological characteristics of five relevant studies including 1,154 patients with EOC are presented in Table 3 . Among all 5 studies, 3 studies revealed the effect of elevated plasma fibrinogen levels on prognosis using the cut-off value of 400 mg/dL [20] [21] [22] [23] , whereas one study demonstrated the association between an increase in plasma fibrinogen levels per 100 units and survival in the patients [20] . However, this cohort study used 2 cut-off values of 400 mg/dL and per 100 units of plasma fibrinogen levels according to 2 designs of relevant studies in this meta-analysis. Potential confounding factors such as age, adjuvant or neoadjuvant chemotherapy, albumin, ascites, CA-125, C-reactive protein (CRP), FIGO stage, grade, histology, NLR, PLR, residual tumor size, thrombocytosis, and venous thromboembolism were adjusted.
Crude analyses demonstrated that plasma fibrinogen levels >400 mg/dL were correlated with poor PFS (HR=1.544; 95% CI=1.258-1.895) and OS (HR=1.886; 95% CI=1.352-2.630), whereas an increase in plasma fibrinogen levels per 100 units was also associated with poor PFS (HR=1.209; 95% CI=1.106-1.320) and OS (HR=1.338; 95% CI=1.083-1.653; Fig. 2 ). When we performed subgroup analyses according to quality of study (NOS) and potential confounding factors, we also found that elevated plasma fibrinogen levels were related with poor PFS and OS ( Table 4) .
DISCUSSION
In this study, we examined the impact of elevated plasma fibrinogen levels on the prognosis of EOC using a two-step approach of our cohort study and meta-analysis. When we consider some limitations, such as the relative lack of literature, our cohort study indicated that elevated plasma fibrinogen levels may be related with poor prognosis of EOC, and our metaanalysis supported this hypothesis.
In particular, we investigated the prognostic value of plasma fibrinogen levels compared with serum CA-125 levels, NLR, and PLR in patients with advanced-stage EOC. As a result, we found that elevated plasma fibrinogen levels were exclusively correlated with poor PFS and OS, whereas the three biomarkers had no prognostic values in the patients. In previous studies, serum CA-125 levels, NLR, and PLR are prognostic factors for early-stage EOC because three factors are associated with potential implications of distant metastasis [12, [27] [28] [29] . However, serum CA-125 levels cannot efficiently predict survival because these levels increase with tumor burden in advanced-stage EOC, which makes it difficult to predict prognosis [30, 31] . Moreover, recent studies have focused on the effect of debulking surgery, which can alter post-treatment levels, affecting prognosis in advanced-stage EOC [6, 32] .
Although there are few studies about the effect of NLR and PLR on the prognosis of advanced-stage EOC, we demonstrated that the role of NLR and PLR as biomarkers to predict prognosis was small in advanced-stage EOC. One explanation is that NLR and PLR may also increase secondarily as systemic inflammation increases [7] . These factors are expected to detect advanced-stage disease and thereby predict prognosis similar to serum CA-125 levels in early-stage EOC [13, 33] .
However, elevated plasma fibrinogen levels can activate tumor progression in addition to the increase, resulting from systemic inflammation by cancer. Previous studies have revealed that fibrinogen may have the metastatic potential of circulating tumor cells [34] . Furthermore, pre-treatment plasma fibrinogen levels may correlate with tumor burden, and elevated plasma fibrinogen levels may provide favorable conditions for circulating tumor cells to metastasize via the lymphatic and hematogenous systems [35, 36] . In a preclinical study, fibrinogen-deficient mice showed markedly decreased lymphatic and hematogenous metastases compared with wild-type mice, suggesting the active role of elevated plasma fibrinogen levels on the metastatic potential of cancer [34] . This cohort study supports this hypothesis that plasma fibrinogen levels may be more effective to predict the prognosis of advanced-stage EOC than serum CA-125 levels, NLR, and PLR.
However, we failed to show the clear association between elevated plasma fibrinogen levels and poor PFS. In spite of no definite evidence, we could consider the relatively weak role of elevated plasma fibrinogen levels in this cohort because we enrolled only patients with advanced-stage EOC, which was related with the increased rate of suboptimal cytoreduction affecting disease recurrence when compared with previous studies where patients with early-stage EOC were also included [20] [21] [22] [23] . Thus, intra-abdominal tumor volume in addition to circulating tumor cells affecting plasma fibrinogen levels could act as a bias related with poor PFS unlike the previous studies, and thereby led to the weak role of elevated plasma fibrinogen levels. However, the role of elevated plasma fibrinogen levels was clear in terms of OS because response to cytotoxic drugs may affect tumor burden related with elevated plasma fibrinogen levels finally in patients with EOC.
Furthermore, this meta-analysis also supports the effect of elevated plasma fibrinogen levels for predicting PFS and OS in patients with EOC. In particular, subgroup analyses for adjusting potential confounding factors showed a similar effect, suggesting that elevated plasma fibrinogen levels in EOC may be considered for use in clinical settings in a manner similar to NLR and PLR, which have been investigated as clinical biomarkers similar to serum CA-125 levels in relevant meta-analyses [37, 38] . Although the cut off value of 400 mg/ dL was related with prognosis of EOC in this meta-analysis, we failed to show that the cut off value of 400 mg/dL was a meaningful association with survival in our cohort. The reason is that we included only patients with advanced-stage EOC, who could show elevated plasma fibrinogen levels compared with those with early-stage EOC. For supporting this hypothesis, we demonstrated that plasma fibrinogen levels were higher in patients with stage IV disease than in those with stage III disease (mean, 546.1 mg/dL vs. 466.4 mg/dL). Thus, we thought that the meaningful cut off value of plasma fibrinogen levels might be higher than 400 mg/dL in patients with advanced-stage EOC. However, we did not include patients with early-stage EOC because they showed very low rates of recurrence and death, which made the analysis of correlation between elevated plasma fibrinogen levels and survival difficult. Thus, it can act as a limitation for the current study.
In summary, our cohort study showed that elevated plasma fibrinogen levels were more useful for predicting PFS and OS than serum CA-125 levels, NLR, and PLR in patients with EOC, in particular, advanced-stage disease. Moreover, we demonstrated the effect of elevated plasma fibrinogen levels on the prognosis of EOC in this meta-analysis. However, the relative lack of prior studies on the role of elevated plasma fibrinogen levels still presents major limitations to a complete understanding of this biomarker. Thus, its role should be further investigated to predict prognosis based on the extent of disease as well as suboptimal debulking surgery as a marker of unresectable disease, thereby enhancing our ability to select candidates for neoadjuvant chemotherapy followed by interval surgery in EOC patients with elevated plasma fibrinogen levels [20] [21] [22] [23] .
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